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Description 

FIELD OF INVENTION 

[0001] This Invention relates to a process for the vulcanization of a mixture of ethylene-vinyl acetate polymer and 
ethylene-propylene-non-conjugated diene polymer using an organic peroxide as vulcanization agent and zinc di-acr- 
ylate as a reinforcing agent. 

BACKGROUND OF THE INVENTION 

[0002] Ethylene-vinyl acetate polymers are well known and the vulcanization of such polymers with organic peroxides 
is also well known. The use of zinc dimethacrylates as a curable additive to improve the properties of vulcanizates is 
taught in U.S. Patents 4 713 409. 4 857 571 and 4 983 678 but none of these patents teach the use of zinc di-meth- 
acrylate with ethylene-vinyl acetate polymers. Denwent patent abstracts (1986) of published Japanese patent applica- 
tions J61 079 475A and J61 079 476A describe the use of a polyfunctional acrylic ester (compounds having acryloyloxy 
groups such as the reaction products of ethylene glycol diacrylate with (meth)acrylic acid or zinc dimethacrylate) as a 
crosslinking and blowing agent in ethylene-vinyl acetate polymers. 

[0003] US-A-4 857 571 describes curable elastomer compositions comprising elastomers such as EVA, EPDM and 
mixtures thereof. 

SUI\/1MARY OF THE INVENTION 

[0004] The present invention is directed to a process for the vulcanization of from 1 0 to 50 parts by weight of ethylene- 
propylene-non-conjugated diene polymer combined with from 50 to 90 parts by weight of ethylene-vinyl acetate polymer 
to provide 100 parts by weight of polymer wherein 100 parts by weight of said polymer is mixed with 0 to 60 parts by 
weight of reinforcing filler, with from 0 to 15 parts by weight of zinc oxide, with from 1 to 10 parts by weight of organic 
peroxide and with from 5 to 35 parts by weight of zinc di-acrylate, and the mixture Is heated for from 10 to 60 minutes 
at from ISO"" to ISO^'C to produce the vuk:anizate. 

DETAILED DESCRIPTION OF THE INVENTION 

[0005] Ethylene-vinyl acetate rubbery polymers are well known. The ethylene-vinyl acetate polymers useful in the 
present invention are those whKh contain from 35 to 85 weight percent of vinyl acetate, preferably from 40 to 60 weight 
percent of vinyl acetate, the balance being ethylene. Such polymers have molecular weights, expressed as the Mooney 
viscosity (ML 1 +4 at lOO'^C), of 12 to 35, have densities of about 1 g/cm^ and may have melt flow indices at 190*C of 
1 to 5 g per 1 0 min. The rubbery polymer when compounded with carbon black and vulcanized has good heat resistance, 
ozone resistance and weathering capability. 

[0006] In the process of the present invention, the rubbery polymer is mixed with the other components by conven- 
tional means • that is on a rubber mill or in an internal mixer. The organic peroxide is added last and usually on a cold 
rubber mill. The rubbery polymer is a mixture of from 50 to 90, preferably from 60 to 80, parts by weight of ethylene- 
vinyl acetate rubbery polymer and from 10 to 50, preferably from 20 to 40, parts by weight of an ethylene-propylene- 
non-conjugated diene polymer, for a total of 1 00 parts by weight of polymer. The ethylene-vlnyi acetate polymer contains 
from 35 to 85, preferably from 40 to 60, weight percent of vinyl acetate, the balance being ethylene. Such polymers 
generally have Mooney viscosities (ML 1 -i4 at 1 00'*C) of from 1 2 to 35, preferably from 1 5 to 30. The ethylene-propyl- 
ene-non-conjugated diene polymer generally contains from 45 to 67 weight percent of ethylene and from 2 to 6 weight 
percent of non-conjugated diene, the balance being propylene. A preferred non-conjugated diene is ethylidene nor- 
bomene. These polymers generally have Mooney viscosities (ML 1 +8 at 1 00*C) of from 30 to 75 and for ease of mixing 
with the ethylene-vinyl acetate polymers preferably have. Mooney viscosities of from 30 to 50. 
[0007] The polymer is mixed with a reinforcing filler which is preferably cartx>n black, the amount of filler being from 
0 to 60. preferably from 25 to 45, parts by weight per 100 parts by weight of polymer. Zinc oxide is mixed with the 
polymer in an anrwunt of from 0 to 1 5, preferably from 5 to 1 2, parts by weight per 1 00 parts by weight of polymer. Zinc 
di-acrylate is also mixed with the polymer in an amount of from 5 to 35, preferably from 15 to 25, parts by weight per 
1 00 parts by weight of polymer. The organic peroxide is added last to the mixture in an amount of from 1 to 1 0, preferably 
from 4 to 7, parts by weight per 100 parts by weight of polymer. Suitable organic peroxides include 1,1-di-tertbutyl 
peroxy-3,3.5-trimethyl cyclohexane, 4,4-di-tertbutyl peroxy n-butyl valerate, drcumyl peroxide, 2,5-dimethyl-2.5-di-ter- 
tbutyl peroxy hexane, tertbutyl cumyl peroxide and di-tert-butyi peroxide. Stabilizers or antioxidants may be incorpo- 
rated during the compounding. Subsequent to forming and shaping, the compound is cured by heating at a temperature 
of from 150*C to 180*C for a time of from 10 to 60 minutes. 
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[0008] The vulcanizates so produced have good abrasion resistance, good heat resistance, good dynamic and tow 
temperature properties and good strength properties. Such vulcanizates may be used in various types of belts Including 
synchronous and serpentine automotive drive belts, seals, rubber covered rolls, hoses and CV boots. 
[0009] The following examples exemplify the invention and are not intended to limit the scope thereof. All parts are 
parts by weight and all test procedures are ASTM procedures unless specified othenivise. 

Example 

[0010] The compounds shown in Table 1 were prepared by mixing the components on a rubber mill. All parts are 
parts by weight, in Table 1 , potychloroprene was Baypren® 53, HNBR was hydrogenated nitrile rubber Therban® 1767, 
EVA was ethylene-vinyl acetate polymer Levepren® 500H V, EPDM was an ethylene-propylene-ethylidene norbomene 
polymer POLYS AR® EPDM XH 01 3B. carbon black was that designated N762, diphenylamine cpd was Vulkanox® 
DDA, polymerized TDHQ was Vulkanox® HS. ZMB1 was Vulkanox® ZMB-2, peroxide was Vulcup® 40KE and TMTM 
was tetramethylthiuram monosulphide. 

[0011] The Mooney viscosity of the compounds (ASTM D 1646) and the scorch time (ASTM D 1646) are recorded 
in Table 1 . Samples were tested in a Monsanto rheometer (ASTM D 2084) operated at 1 eo^C and the data are shown 
in Table 1. 

[001 2] The compounds were cured by heating at 1 60*C for minutes. Strength and other vulcanizate properties were 
determined, using standard ASTM procedures, and the results are recorded in Table 2. The vuteanizates were aged 
in air (ASTM D 573) and In oil (ASTM D 471 ) and the properties were determined, the results being shown in Table 3. 
[0013] Expt. #1 was a control using polychloroprene. Expts. #2 and 3 were controls using ethylene-vinyl acetate as 
the polymer, #3 with no zinc di-acrylate present and #2 with zinc di-methacrylate present. Expt. #6 was a control using 
hydrogenated nitrile rubber. Expt. #4 is a comperative example without the addition of EPDM to ethylene-vinylacetate 
polymer. Expt. 5 is within the scope of the present invention and illustrates the use of ethylene^tnyl acetate polymer 
plus EPDM plus zinc di-acrylate. For Expt. #5, it is clear that a good balance Is achieved of tensile strength, modulus 
and elongation and that these properties are retained well on aging. 

[001 4] Good low temperature flexibility is shown, with the presence of the EPDM causing a further improvement and 
the dynamic properties, as shown by Tan delta, are good especially when EPDM is also present. The improved prop- 
erties attained when zinc di-acrylate is present are unexpected. 



TABLE 1 



Expt. # 


1 1 


2 


3 


4 


5 


6 


Polychloroprene 


1 












HNBR 












100 


EVA 




100 


100 


100 


60 




EPDM 










40 




Carbon Black 


1 55 


35 


55 


35 


35 


35 


Zinc dimethacrylate 




20 










Zinc di-acrylate 








20 


20 


20 


Magnesium oxide 



4 












Stearic acid 




2 












Diphenylamine cpd 


4 


mm 










Polymerized TDHQ 




1 


1 


1 




1 


ZMB1 




1 


1 


1 


1 


1 


Zinc Oxide 


5 


10 


10 


10 


10 


10 


Peroxide 1 




6.5 


6.5 


6.5 


6.5 


6.5 


TMTM 1 


1 












Compound Mooney (ML1+4 at lOO^C) 


u, 1 


28 


37 


27 


43 1 


78 
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TABLE 1 (continued) 



Expt. # 


1 


2 


3 


4 


1 ^ 


1 e 


Mooney scorch at 120°C 


tg (mins) 1 


10.4 


19.5 


>30 


>30 


27.4 


12 


1 Monsanto rheometer Tare, 100 cpm leO'^C | 


MH (dN.m) 


19.9 


10.8 


8.5 


28.2 


42.4 


39.2 1 


ML (dN:m) 


2,2 


0.3 


0.5 


0.3 


0.9 


1.3 1 


MH-ML (dN.m) 
1 


17.7 


10.5 


8.0 


27.9 


41.5 


37.9 1 


tso (niins) 


3.3 


9.9 


10.9 


5.4 


3.4 


4.8 1 


1 tgo (mins) | 


13.0 


24.3 


23.9 


20.8 


18.8 


19.6 1 



TABLE 2 





Expt. # 


1 ^ 


2 


3 


4 


5 






Tensile strength (MPa) 


\ 20.2 


14.3 


14.5 


20.3 


18.6 


27.8 




50% modulus (Mpa) 


1 


2.0 


1.7 


4.3 


6.0 


4.2 




100% modulus (Mpa) 


1 5.2 


3.9 


4.3 


10.7 


13.5 


11.4 


2S 


Elongation (%) 


1 ^ 


380 


255 


170 


135 


205 


1 Tear-Dle C (kNm) 


1 47.3 


36.8 


27.4 


28 


29.1 


28.8 




1 Tear-Die B (kNm) 


1 83.2 


75.2 


64.7 


64.7 


64.6 


77.6 




Hardness-Shore A 


1 


75 


71 


80 


83 


78 




DIN Abrasion (mm^ loss) 


132 


185 


155 


122 


125 


55 




Pico Abrasion (Index) 


1.27 


1.11 


0.87 


3.62 


3.26 


9.43 




Qehman Low temperature flexibility (^C) 


35 




-25 


5 


3 


-7 


-8 


■20 




-31 


-11 


-9 


-20 


-21 


-24 






-33 


-21 


-19 


-24 


-25 


-25 




^100 


-38 


-30 


-29 


-35 


-40 


-31 


40 


Brittle point 


-33 


-30 


-39 


-34 


-50 


-55 




Tan delta (MERMOOB, 8% static compressbn, ± 3% dynamic, 30 Hz 




SO'C 


0.138 


0.211 


0.246 


0.174 


0.137 


0.117 


45 


80'C 


0.106 


0.211 


0.231 


0.121 


0.092 


0.087 




1 20*^0 


0.115 


0.203 


0.193 


0.101 


0.082 


0.077 




150*C 


0.113 


0.186 


0.165 


0.091 


0.073 


0.069 




Measured at 150''C 


50 


Tensile strength (Mpa) 


9 


7.1 


5.5 


10.4 


11 


12 




50% modulus (Mpa) 


2.5 


1.6 . 


1.7 


5.2 


7 


5.2 




100% modulus (Mpa) 


4.8 


3.1 


3.2 








$S 


Elongation (%) 


160 


200 


130 


90 


75 


95 




Hardness - Shore A 


68 


66 


62 


78 


80 


77 



4 
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TABLE 3 



1 Expt# 


1 ^ 


1 2 


1 3 


4 


5 


1 6 


1 Aged in air 168 hours at 150°C 


Tensile strength (Mpa) 


1 Brittle 


16.1 


17.1 


24 


18.5 


31.6 


50% modulus (Mpa) 


Brittle 


2.9 


2.2 


6 


8.4 


8 


1 Elongation (%) 


Brittle 


355 


280 


155 


105 


150 


1 Aged in ASTM oil #1 168 hours at 150<*C 


Hardness - Shore A | 


64 


60 


- 


73 


75 


78 


Tensile strength (Mpa) 


5.7 


12.8 


14 


14.6 


14.5 


23.1 


50% modulus (Mpa) 


2.9 


1.5 


1.2 


5.2 


B.7 


5.7 


1 100% modulus (Mpa) 




3.4 


3.6 






17.3 


Elongation (%) 


85 


300 


240 


95 


75 


135 


Weight change (%) 


9 


15 


18 


11 


23 


0 


Volume change (%) 


15 


21 


25 


17 


31 


-2 



Claims 

1 . A process for the vulcanization of from 1 0 to 50 parts by weight of ethylene-propylene-non-conjugated diene pol- 
ymer combined with from 50 to 90 parts by weight of ethylene-vinyl acetate polymer to provide 100 parts by weight 
of polymer wherein 100 parts by weight of said polymer is mixed with 0 to 60 parts by weight of reinforcing filler, 
with from 0 to 1 5 parts by weight of zinc oxide, with from 1 to 10 parts by weight of organic peroxide and with from 
5 to 35 parts by weight of zinc di-acrylate, and the mixture is heated for from 10 to 60 minutes at from 150° to 
ISO^'C to produce the vuicanizate. 

2. The process of Claim 1 characterized in that the reinforcing filler is carbon black used in an amount of from 20 to 
45 parts by weight, the anrxDunt of zinc oxide is from 5 to 12 parts by weight, the amount of organic peroxide is 
from 4 to 7 parts by weight and the amount of zinc di-acrylate is from 15 to 25 parts by weight. 

3. The process of Claim 2 characterized in that said ethylene-propylene-non-conjugated diene polymer contains from 
45 to 67 weight percent of ethylene and from 2 to 6 weight percent of non-conjugated diene, the balance being - 
propylene. 

4. The process of Claim 3 characterized in that the amount of ethylene-propylene-non-conjugated diene polymer is 
from 20 to 40 parts by weight and the amount of ethylene-vinyl acetate polymer is from 60 to 80 parts by weight 
for a total of 1 00 parts by weight. 

5. The process of Claim 1 characterized in that said ethylene-vinyl acetate polymer contains from 35 to 85 weight 
percent of vinyl acetate, the balance being ethylene. 

6. The process of Claim 2 characterized in that said ethylene-vinyl acetate polymer contains from 40 to 60 weight 
percent of vinyl acetate, the balance being ethylene. 

7. The process of Claim 1 characterized In that the organic peroxide is added last on a cold rubber mill to the rest of 
the mixture. 

8. Vulcanizates produced by the process of Claim 1 . 
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PatentansprOche 

1 . Verfahren zur Vulkanisation von 1 0 bis 50 Gewichtsteilen eines Polymers von Ethylen/Propylen/nlchtkonjugiertem 
Dien, die mit 50 bis 90 Gewichtsteilen eines EthylenA/inylacetat-Polymers kombiniert werden. so da3 man 100 
Gewichtsteile Polymer erhalt, wobei 100 Gewichtsteile des Polymers mit 0 bis 60 Gewichtsteilen eines verstar- 
kenden FQIIstoffs, 0 bis 15 Gewichtsteilen Zinkoxid, 1 bis 10 Gewichtsteilen organischem Peroxid und 5 bis 35 
Gewichtsteilen Zinkdiacrylat gemischt werden und das Gemisch 10 bis 60 Minuten lang auf 150 bis ISC^C erhitzt 
wird, so dal3 das Vulkanisat entsteht. 

2. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, da3 es sich bei dem verslarkenden FuIIstoff urn RuO 
handell, der in einer Menge von 20 bis 45 Gewichtsteilen verwendet wird, die Menge des Zinkoxids 5 bis 12 
Gewichtsteile betragt, die Menge des organischen Peroxide 4 bis 7 Gewichtsteile betragt und die Menge des 
ZInkdiacrylats 15 bis 25 Gewichtsteile betragt. 

3. Verfahren gemaB Anspruch 2, dadurch gekennzeichnet, daB das Polymer von Ethylen/Propylen/nlchtkonjuglertem 
Dien 45 bis 67 Gew.'% Ethylen und 2 bis 6 Gew.-% nichtkonjugiertes Dien enthalt, wobei der Rest Propylen ist. 

4. Verfahren gema3 Anspruch 3, dadurch gekennzeichnet, daB die Menge des Polymers von Ethylen/Propyien/nicht- 
konjugiertem Dien 20 bis 40 Gewichtsteile betragt und die Menge des EthylenA/inylacetat-Polymers 60 bis 80 
Gewichtsteile betragt, so daB man insgesamt 100 Gewichtsteile erhalt. 

5. Verfahren gemaB Anspruch 1 , dadurch gekennzeichnet, daB das EthylenA/inylacetat-Polymer 35 bis 85 Gew.-% 
VInylacetat enthalt, wobei der Rest Ethylen ist. 

6. Verfahren gemaB Anspruch 2, dadurch gekennzeichnet, daB das EthylenA/inylacetat-Polymer 40 bis 60 Gew.-% 
Vinylacetat enthalt, wobei der Rest Ethylen ist 

7. Verfahren gemaB Anspruch 1 . dadurch gekennzeichnet, daB das organische Peroxki auf einer Cold-Rubber-MQhIe 
als letztes zu dem Rest des Gemischs gegeben wird. 

8. Vulkanisate, die nach dem Verfahren gemaB Anspruch 1 hergestellt sind. 



Revendications 

1. Proc6d6 pour ia vulcanisation de 10 ^ 50 parties en poids de polymfere 6thyl6ne/propylfene/dl6ne non conjugu6 
combinees avec 50 k 90 parties en poids de polymdre ethyldne/acetate de vinyie pour donner 1 00 parties en poids 
de polym^re. dans lequel 100 parties en poids dudit potymere sont mdlangees avec 0 ^ 60 parties en pokis de 
charge de renforcement, avec 0^15 parties en poids d'oxyde de zinc, avec 1^10 parties en pokJs de peroxyde 
organique et avec 5 ^ 35 parties en poids de diacrylate de zinc, et le melange est chauffd pendant 10 ^ 60 minutes 
^ 1 50 ^ 160^0 pour produire ie produit vulcanise. 

2. Proc666 selon la revendk:ation 1 , caract^risd en ce que la charge de renforcement est du noir de cart)one utilisd 
en une quantity de 20 di 45 parties en poids. la quantity d'oxyde de zinc est de 5 d 1 2 parties en poids, la quantity 
de peroxyde organique est de 4 d 7 parties en poids et la quantity de diacrylate de zinc est de 15 ^ 25 parties en 
poids. 

3. Precede seton la revendication 2, caract6ris6 en ce que ledrt polymdre ethyldne4)ropyI6ne/di6ne non conjugue 
contient de 45 ^ 67 % en poids d'dthy l^ne et de 2 6 % en pokis de di^ne non conjugu^. le reste 6tant du propylene. 

4. Precede selon la revendication 3, caract^ris^ en ce que la quantity de polym^re dthyldne/propyl^ne/di^ne non 
conjugue est de 20 ^ 40 parties en poids et la quantity de polym^re ethyl^ne/acdtate de vinyie est de 60 ^ 80 
parties en pokis pour un total de 100 parties en pok:js. 

5. Proc^d^ sek^n la revendication 1 , caractdrisd en ce que ledit polymdre dthyldne/ac^tate de vinyie contient de 35 
^ 85 % en pokls d'acState de vinyie, le reste dtant de r^thyldne. 

6. Procede se\on la revendication 2, caracterisd en ce que ledit potymere ethyl&ne^cetate de vinyie contient de 40 
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d 60 % en poids d'acdtate de vinyle. le reste 6tant de I'dthyldne. 

7. Procddd selon la revendication 1» caract^risd h en ce que le peroxyde organique est ajoutd en dernier sur un 
broyeur k caoutchouc k f rold au reste du melange. 

5 

8. Produits vulcanises produits par le procddd de la revendication 1 . 
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